Abstract Taiwan ranks 22nd worldwide in greenhouse gas emissions. One-third of these emissions come from the city of Kaohsiung, Taiwan. To mitigate global warming, the Taiwanese government and non-governmental organizations (NGOs) of environmental protection have promoted a series of energy conservation methods based on citizens' proenvironmental behaviors. This research sorts these pro-environmental behaviors into five categories: diet, clothing, housing, transport, and recreation; further, it assesses them empirically by applying the theory of planned behavior (TPB) to a survey of 223 Kaohsiung residents. With the application of structural equation modeling, the indicators for each of these five models showed a good fit to the TPB, with goodness-of-fit (GFI) and adjusted goodness-of-fit (AGFI) values of 0.8 and above, comparative fit index (CFI) of 0.9 and above, and root mean square error of approximation (RMSEA) below 0.08. From these results, this research found that attitudes toward global warming influence citizens' proenvironment behavioral intentions; in particular, perceived behavior control played an important role in the model. This research suggests that people will accept proenvironmental behaviors if they perceive evidence of the usefulness and convenience of these behaviors. "Keep it simple" might be a good byword for promoting energy conservation methods. Nevertheless, it seems that it will be hard to change citizens' appetite or travel habits to mitigate global warming without providing clear, strong incentives.
topped 379 ppm CO 2e in 2005, and the figure is rising by 1.4-1.9 ppm annually (IPCC 2007) . Scientists believe the Earth's average temperature must be kept to less than a 2°C rise over pre-industrial levels and that a 50 % chance exists of keeping to a 2°C rise if the total GHG concentration remains below 450 ppm (Kirby 2008) . Therefore, the ultimate objective of the United Nations Framework Convention on Climate Change (UNFCCC) is to stabilize GHG concentrations in the atmosphere at a level, which should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate change.
Most mitigation or adaptation strategies for climate change have been directed toward long-term options such as inducing new low-carbon technologies or creating cap-and-trade regimes for emissions. However, Dietz et al. (2009) emphasized that household sector is one of the major emitters of GHG, the direct energy use by households accounts for approximately 38 % of overall CO 2 emissions in the U.S., or approximately 626 million metric tons of carbon in 2005; this is approximately 8 % of global emissions and more than the emissions of any other country except China (Dietz et al. 2009 ).
The population of Taiwan is about 23 million, and average per capita emission of CO 2 is about 11.1 t, far exceeding global per capita emissions of 3.96 t; direct energy use by households accounted for approximately 27 million metric tons of carbon in 2000 and 32 million in 2010 (Taiwanese Bureau of Energy 2011).
Most people recognize that climate change and sustainability are important problems, but few citizens engage in greenhouse gas mitigating behaviors (Gifford 2011) . Szerszynski (2007) notes the irony of the gap between professed environmental values and environmental behavior. Gifford (2011) called psychological barriers a "Dragon of inaction" which impedes the exercise of pro-environmental behavior, and O'Riordan (2009) argued that some carbon-reducing behaviors are so frictional, that is why humans seem to be hard-wired for immediate danger but soft-wired for long-term threats.
Therefore, one of the commitments of the UNFCCC is that all countries shall promote and cooperate in education and public awareness related to climate change and encourages the widest participation in this process, involving NGOs as well. Acting upon the UNFCCC commitment, the Taiwanese government and NGOs of environmental protection have begun promoting a series of energy-saving and carbon-reduction methods based on proenvironmental behaviors.
Despite all this, research on pro-environmental behaviors usually focuses on a single subject, for example, water conservation intention (Lam 1999 (Lam , 2006 Clark and Finley 2007) , using public transport (Chen and Chao 2011; Tikir and Lehmann 2011) , organic food consumption (Aertsens et al. 2009 ), and energy conservation behaviors (Scherbaum et al. 2008 ).
The present study sorts pro-environmental behaviors into five categories: diet, clothing, housing, transport, and recreation. Dietz et al. (2009) argue that individual and household behavioral change faces barriers, but more is known about how to overcome these barriers than is commonly recognized. So, the goals of this study are 1) to recognize the proenvironmental behaviors of Kaohsiung citizens after several years of promoting public awareness of climate change, and 2) to determine the key factors that influence these proenvironmental behaviors significantly.
Theory of Planned Behavior (TPB) has been applied successfully to a wide range of human behaviors (Brown et al. 2010 ). The present study covers the pro-environmental behaviors that the Taiwanese government and Non-Governmental Organizations (NGOs) have been promoting, using TPB to examine them.
Literature review
Pro-environmental behavior is probably best viewed as a mixture of self-interest and concern for other people, the next generation, other species, whole ecosystems, or the global climate itself (Bamberg and Möser 2006) . McAndrew (1993) indicate that, though theory is very important in environmental psychology or behavioral research, there is no one theory that covers all environmental issues in an analysis of pro-environmental behavior. The (TPB; Ajzen and Madden 1986 ) and value-belief-norm (VBN) theory (Stern 2000) are often used to examine proenvironmental behavior. While TPB focuses on self-interest and rational choice deliberation, VBN is grounded in values and moral norms (Kaiser et al. 2005) .
VBN is the integration of the value theory, the new environmental paradigm (Dunlap and Van Liere 1978) , and Schwartz's (1977) theory of norm activation (Stern 2000) . In VBN, "values" reflect the objects or principles that individuals view as important, "beliefs" reflect individuals' overall belief patterns and views of the world, and "norms" reflect individuals' personal rules and felt obligations to act in a particular manner (Scherbaum et al. 2008) TPB is an extension of the theory of reasoned action, TRA (Ajzen and Fishbein 1980; Fishbein and Ajzen 1975) . In this theory, attitudes toward behavior, subjective norms with respect to behavior, and perceived behavioral control are usually found to predict behavioral intentions. Intentions, in combination with perceived behavioral control, can explain variance of behavior (Ajzen and Manstead 2007) .
Analyzing pro-environmental behaviors based on previous research on TPB, Aertsens et al. (2009) integrate value theory and TPB to look at personal determinants of organic food consumption; they conclude that organic food purchases are positively and significantly related to intentions. Regarding water conservation behaviors, TPB predicts intention to save water, and TPB variables show a positive, significant correlation with water conservation intention (Lam 1999 (Lam , 2006 Clark and Finley 2007) , but TPB was less successful in predicting intention to install water-efficient appliances (Lam 1999) .
As for energy consumption for transportation, the travel-mode choice of student passengers has a good model fit to TPB (Klöckner and Blöbaum 2010). TPB also explained intention to use public transport; attitude and subjective norm influenced intention (Tikir and Lehmann 2011) . On the other hand, Kerr et al. (2010) found that the behavioral intention as assessed by TPB was the strongest predictor of private vehicle usage. To go further, Chen and Chao (2011) found that habitual behavior hinders an individual's intention to switch from a private vehicle to public transport.
Households not only use energy in direct ways (e.g., gas, electricity, and fuel) but also in indirect ways (e.g., consumption and disposal of goods). Applying the TPB, Abrahamse and Steg (2009) find that energy use was mainly determined by sociodemographic variables: households with higher incomes, or greater in size tend to use more energy, whereas saving household energy appears to be associated with psychological factors.
Besides TPB, Scherbaum et al. (2008) applied VBN to the energy-conservation behaviors of employees, and found that personal norms significantly predicted behavioral intentions and energy-conservation behaviors.
Contrasting TPB and VBN regarding their ability to explain pro-environmental behaviors, Kaiser et al. (2005) found that the TPB covered its concepts more fully, in terms of proportions, in explaining variance in energy conservation behavior. More importantly, the fit statistics revealed that TPB depicts the relations among its concepts appropriately, whereas the VBN model does not. Fielding et al. (2008) also found that, whether private or public environmental actions, are being considered, TPB is an effective model for identifying the predictors of pro-environmental behaviors. 
Methods
Kaohsiung is the most important industrial metropolis in Taiwan. Annual average per capita emission of CO 2 in Kaohsiung is 26.3 t (Environmental Protection Bureau of Kaohsiung City Government 2009). The majority of CO 2 emissions in Kaohsiung come from the industrial sector (68 %), followed by the household and commercial sectors (23 %). Using the TPB model, this study aimed to clarify the pro-environmental behavior of Kaohsiung residents, living in an era of climate change in a high-emission city.
Research model
This study used five constructs of TPB to design and develop the questionnaire. "Attitude towards environment" indicated residents' views about global warming and their awareness of climate change. "Subjective norms" indicated the views on energy conservation of influential people such as family and friends. "Perceived behavioral control" indicated residents' perceived capacity to implement conservation methods. "Behavioral intention" indicated residents' willingness to engage in energy conservation. "Behavior" aims to understand whether, and to what extent, residents have previously engaged in energy conservation. This study selected a sample of 225 individuals based on the ratio of each administrative area's population to the total population of Kaohsiung. Quota sampling was used, and city residents conducting business at each household registration office in Kaohsiung City were targeted as samples. The researchers used questionnaires and face-to-face interviews to collect information.
Research design
The present assumptions are 1) the sample data fit the TPB model; 2) ATTitude towards global warming (ATT), Subjective Norm (SN), and Perceived Behavioral Control (PBC) influence pro-environmental Behavioral Intention (BI); and, 3) PBC and pro-environmental (BI) influenced pro-environmental behavior (B) significantly. This research conducted a Confirmatory Factor Analysis (CFA) to examine whether each construct could be explained by its indicators (observed variables); then, Structural Equation Modeling (SEM) was utilized to examine the model fitness and test causal relationships. Path Analysis was used to identify the influence of constructs on the model.
Results
Among the 223 valid respondents to this study, females (53.4 %) outnumbered the males (46.6 %). Respondents aged 30-39 (27.4 %) accounted for the largest age category, followed by those aged 20-29 (22.9 %). The majority of respondents had a junior college level education (48.9 %). Regarding marital status, 60.5 % of the respondents were married, while 57 % had children. Regarding personal monthly disposable income, the largest group of respondents were in the TWD$15,000 to 20,000 (US$500 to 660) category. Finally, regarding religious beliefs, the category "no religious beliefs" included the most respondents (32.3 %), followed by Buddhism (21.1 %) and Taoism (12.6 %).
Analysis of model fit
A confirmatory factor analysis was conducted. Hair et al. (2006) suggest that a critical ratio (CR) of 0.7 and above indicates good composite reliability; they also suggest that average variance extracted (AVE) value of 0.5 and above indicates a good convergent validity. Doll et al. (1994) suggest that goodness-of-fit (GFI) and adjusted goodness-of-fit (AGFI) values of 0.8 and above indicate a reasonable fit. Byrne (2001) suggests that a comparative fit index (CFI) value of 0.9 and above indicated a well-fitting model. Byrne also suggests that a rootmean-square error of approximation (RMSEA) value below 0.08 indicated a comparatively good fit. Joreskog and Sorbom (1993) suggests that a x 2 /df value below 5 indicates that the model is acceptable. Most of the indicators in this study show a good fit to the corresponding TPB constructs in Table 1 , meaning that all of the indicators (observed variables) reflected the constructs (latent variables) effectively (shown in Table 2 ). This study classified proenvironmental behaviors into five categories (shown in Table 3 ). Structural equation modeling (SEM) was conducted to analyze goodness of fit of these five models; each indicator showed that the sample data fit the TPB model fairly well, as shown in Table 4 .
Model of pro-environmental behavior in diet
In the model of pro-environmental behavior in diet, ATT and PBC influenced proenvironmental behavior BI significantly (p<.05). However, the influence of BI and PBC on pro-environmental dietary behaviors was not significant (shown in Table 5 ), meaning that asking people to consume less meat and more vegetables or purchase more local food instead of imported food for the purpose of mitigating climate change may be useless, even though they have an awareness of climate change and the intention to change their lifestyle to counteract it.
Model of pro-environmental behavior in clothing
This model indicates that ATT and PBC significantly influence BI (p<.05), and indirectly influence clothing choices (p<.05) (as shown in Table 6 ). Therefore, encouraging citizens not to wear suits or formal clothing in order to reduce the need for air-conditioning and mitigate climate change had statistically significant results.
Model of pro-environmental behavior in housing
Although the influence of BI on pro-environmental behavior in housing was not statistically significant, the PBC's influence on pro-environmental behavior in housing Table 7 ). These results show that letting citizens practice energy conservation methods is more useful than just telling them. Encouraging people to use energy-saving light bulb (e.g., LED light bulb), or turn off the lights when they are not in use will reduce the power bill, which will encourage the people to act further.
Model of pro-environmental behavior in transport
In this model, ATT and PBC influenced BI significantly (p<.05), but the influence of BI on pro-environmental behavior in transport was not significant (as shown in Table 8 ). The results indicate that the majority of citizens use private vehicles (scooters or cars) as their primary mode of transport, instead of taking the bus or using a mass rapid transit (MRT) system, meaning that asking people to switch from private vehicles to public transport for the purpose of mitigating climate change may be useless.
Model of pro-environmental behavior in recreation
In table 9, the influence of BI on pro-environmental behavior in recreation was not significant; however, PBC's influence on pro-environmental behavior in recreation was statistically significant (p<.05); this result shows that the existence more convenient and acceptable methods of pro-environmental behaviors in recreation may encourage people to act.
Discussion and conclusion
The sample data in this study, which was based on the TPB model, fit the model fairly well; meanwhile, the study found that, although Kaohsiung citizens are aware of climate change and their intention to practice pro-environmental behaviors is high, it seems hard for them to This study also found that perceived behavioral control plays an important role in its research model; it influenced pro-environmental behaviors significantly in major cases, while the influence of the intention to practice pro-environmental behaviors was not significant. Therefore, this study suggests that it is useful to encourage citizens to accept energy-saving methods by letting them experience those methods. For example, the government could subsidize the purchase of energy-saving appliances (e.g., energy-saving lights) instead of just promoting climate change and asking citizens to buy them. Once people see the benefits (e.g., saving the power bill), the willingness to purchase energysaving appliances might increase.
The present findings also confirm previous evidence that pro-environmental methods should be easy to connect to the decision at hand and that programs need to be designed for convenience and simplicity (Stern et al. 2010 ). This research suggests that more convenient and accepted methods of pro-environmental behaviors (e.g., carrying a personal water bottle, travelling chopsticks, or convenience bags; not buying bottled water) may encourage people to act more positively. "Keep it simple" in this sense might be a good byword for energy conservation.
Subjective norms were not salient in this study, according to the TPB model, which means that the views of the person who respondents concern (e.g., family and friends) might not influence them. It is ultimately left to the people themselves to decide whether to practice pro-environmental behaviors.
Some of the pro-environmental behaviors evaluated in this study might be suitable only for Asian countries (e.g., carrying personal chopsticks instead of using disposable chopsticks); this is a potential limitation of this study. However, this study emphasizes the concept of not using disposable goods. A modification of the TPB model to increase its application by giving it a broader interpretation of pro-environmental behaviors may be a useful direction for future research.
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